Brush sea/systems are effic/en¢, sCab/e, contact seals that are usually interchangeable with labyrinth shaft seals but require a smooth rub runner interface and an interferencefit upon installation. The major unknowns and needed research are tribological (e.g., life or interface friction and wear) because of the following performance demands: pressure drops over 2.1 MPa (300 psi), temperatures to over 1090 K (1500°F), and surface speeds to 460 m/s (1500 ft/s). Current research supported by the Navy (private communication from W. Voorhees), the U.S. Army (private communication from R. Bill and G. Bobula), and the U.S. Air Force's Wright Patterson Air Force Base is addressing these issues and shows promise in meeting these demands. In this paper we compare the relative pressure drop differences between the baseline labyrinth and dual-brush compressor discharge seals at compressor discharge pressures to 1 MPa (145 psi) and temperatures to 680 K (765°F) with operating speeds to 43 000 rpm.
ENGINE FLOW PATH
The power streamairflow through the compressor and the secondaryairflow leakagepastthe compressor discharge sea] (CDP) aze illustratedin Fig. l(a) , and the CDP viscous-tubeflowmeter is shown in Hg. t(b). The compressor discharge seal package and associated drain tube are located immediately downstream of the impeller and labeled CDS. The drain tube was opened after a seri_ of runsand swabbed fordebris.
COMPRESSOR DISCHARGE SEAL

Labyrinth
Seal System The labyrinth CDP seal package and airflow path are shown in Fig. 2(a) . The nominal 71-ram (2.8-in.) diameter forwardfacing labyrinth seal system is illustrated in Fig. 2Co ). The labyrinth teeth rub into a felt-metal type of interface, forming the seal system. Note that the teeth are not all forward facing and are used in different ways to satisfy different eagine operating requirements. A simulated exploded view of the seal system is given in Fig. 3 and cleariy illustrates the forward-facing teeth of the rotor. However, the housing shown in the figure is for the brush seal.
Brush Seal System
The dual brush was selected over a single brush for roliabilit 
Many seal dimensions and coating and installation details are
proprietary.
ENGINE SEAL INSTALLATION AND OPERATIONS
The YT-700 compressor section was first assembled with the labyrinth seal and run as a baseline for comparison. After a test series was completed, the engine was shipped to the Corpus Christi overhaul facility. The compressor discharge seal hbyrinth system was removed and the brush package ( Fig. 8(a) ) inserted into the housing (Fig. 8(b) ). The brush seal system was installed without special waxes, which can lead to bristle distortions and irregular bristle voidage. (These waxes hold the bristles off the rotor during installation and readily "bum out" at a low temperaOire.) The installation was blind; a pencil run about the circumference spread the bristles uniformly, and the shaft rotated as the package was inserted vertically into the engine.
Operations consisted of the standard break-in procedures with data taken primarily under steady conditions. The engine was and metered using the robe as a viscous flowmeter. The debris collected in the drain robe was a "lubricant powder," but the spectra indicated several contaminant metals from elsewhere in the engine. Rotor roughness, brush consmiction, and upstream debris generation play a major role in determining the spectrum.
Although neither radial nor axial rotor positions were monitored, such position sensors should be an integral part of the engine dynamics.
RESULTS
Post-test measurements
of the brush and inspection of the bristles revealed a smooth bristle interface with some characteristic shear wear ( For the same engine operating conditions the dual-brnsh system leaked less than the baseline forward-facing labyrinth seal systern. Also implied is enhanced engine efficiency. However, a decrease in experimental testhed engine specific fuel consumption (3 percent at compressor discharge pressures of 1 MPa (145 psi) to 5 percent at 0.62 MPa (90 psi)) was found (Fig. 15 , Table IV ). Variation of experimental testhed specific fuel consumption with horsepower is given in Fig. 16 . To within the error estimates the performance increase is assumed to result from less leakage and enhanced distribution of secondary airflow through the engine.
It is important to recognize that more efficient seals cannot Compressor discharge ( 
Baseline
